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By John P. Campbell 

A summary has  been made of the data recently  obtained by the  Nztional 
Advisory Committee for  Aeronautics on %he use of d i f fe rec t ia l   hor izonta l -  
t a i l  incidence  for. roll control. In general, the results aFpeer t o  be 
fairly  pro&sing even though most of the data were obtained wit'n configura- 
tior-s the t  were not  esgecially  designed for the  use of such a control. 
Tne resul ts   indicate  &that a ta i l  r o l l   c o n t r o l  m i g h t  be sa t i s fac tory  i f  the 
t a i l  i s  made relat ively  large  to   provide Zdequate effectiveness  without 
excessive  deflections, i f  the  s i rplane is  designed so  that   the   longi tu-  
d i n a l  trim requirements f o r   t h e  t a i l  a re  minimized so as t o  avoid  inter- 
action of r o l l  and pitch  controls,  and if the  hortzontal  t a i l  i s  posi- 
kioned vertically  to  avoid  excessive  favorable or  adverse yawing mmenks. 

Because of the serious groblems  involved i n   t h e  use of controls on 
the th in ,   f l ex ib l e  wings or" high-speed airplanes,  some designers have 
considered  the  possibil i ty of using  differential   horizontal-tail   incidence 
fo r  ro l l   cont ro l .  During the last two or  three  years,  the National 
Advisory  Connittee f o r  Aeronautics has obtained a l inited amount of 
datz on controls of t h F s  type. (See refs. 1. t o  5 . )  Since most of these 
data were obtained by adding z Tew tests t o  test  program laid out f o r  
other  purposes,  very Teu  systematic  results have  been obtained,  and the 
dffferect  sets of dzta are gecerally unrelated. It i s  the  purpose of 
%his  reporL t o  summarize m d ,  wherever gossible ,   to   correlate   these data. 
Comparisons vith conventional  aileron  corkrol w i l l  be given i n  some cases. 
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rolling-moaent coefficient,  Rolling monent 
qs 

pitching-moment coefficient , Pitching moment 
ss - 

Cn yawing-moment coefficient , Yawing  moment 
ss 

it t a i l  incidence 

m i w  wing incidence 

2 longitudinal  distance from center of gravi ty   to   calculated 
center of pressure of horizontal t a i l  

M Mach  number 

22 

9 dynamic pressure 

2v wing-t ip  helix  angle 

S wing area 

Y la teral   d is tance from center of gravity  to  calculated  center 
of pressure of horizontal t a i l  

a angle of a t tack 

6 to ta l   ro l l -cont ro l   def lec t ion  

RESUJ"S AM) DISCUSSION 

Effect of Mach Number 

A summary of most of the  available  data for the  clean  condition at 
Oo angle of a t tack is shown in   f igure  1 as a plot of the  roll-control 
parameter Cz8 against Mach  number. A t  low subsonic  speeds the  value 
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or" Cz6 varies from about 0.0004 f o r  the two lower  cor-tigurations  with 
swept and highly  tapered tails t o  a value of about 0.0006 for the  model 
w i t h  a high-aspect-ratio unswept t a i l .  These values are only  one-third 
t o  olze-half as large as values of CQ for  conventional  ailerons at 
low Mach numbers. Two s e t s  of data are shown for t'ne transonic  speed 
range. The lower set of dcta, which was obtained i n   t h e   k n g l e y  16-foot 
transonic  tunnel, shows  no zppreciable  variation or" Cz8 between Mcch 
numbers of 0.8 and 1.05. The upper se t  of data, which was obtained  with 
a Pi lot less   Aircraf t  Research Division  rocket  Eodel  with a horizontal  
t a i l  t ha t  WZS re la t ively  large compared wtth  the wing area, shows a 
slight increese  in  Cz8 at a Mach  number of about 1.2 and then shows a 
progressive  decrease in  effectiveness  with  increasing Mach  number because 
of the  decreasirx  lift-curve  slope of the tai l .  The same general  varia- 
t i o n  of Cz8 w i t h  Mach nmber i s  shown by the  two sets of data f o r  the 
supersonic Mach Llumbers from 1.4 t o  2.0 obtained i n   t h e  -m-gley 4- by 
4-foot  supersonic  pressure tunnel (shown by so l id   c i r c l e s  connected by 
l i n e s ) .   i n  t h i s  speed  range,  ailerons on stiff wings produce  about the 

there kill usually be more control   def lect ion  avai lable   for   the  a i lerons,  
they will grovide  the more powerful  control - assuming th&t   the  wing is  
f a i r l y  stiff. 

I 

8 sene  value of CQ as shown herein  for  the  horizontal  ta i l ,  but  since 

L 

ETfect of Ning Aeroelasticity 

Figure 2 shows how the  controls might conpare i f  tine  wing were not 
s t i f f .   P l o t s  o f  - against Mach nuuber are shown f o r  t a i l  and 
ai leron con"lro1s with stiff end f lex ib le  wings. Tie t a i l  data were 
taken from reference 2 and the  ai leron data from refereoce 6 .  The term 
pb /2V 
6 

divided by the damping-in-roll  parameter . Tr-e L e f t  plot  shows 
t h e t ,   f o r   t h e   t a i l  roll control w i t h  the stiff wing, there i s  esseEtial ly  
no var ia t ion   in   ro l l ips   e f fec t iveEess  over the  Mach  number range  covered 
in   t he  tests, which indicakes that the  variatFons of C zg and C w i t h  
Mach  number are ident ical .  For the  model with the  f lexible  wing, the 
roll ing  effectiveness m s  greater because of t'ie reduced h p i q  i n  r o l l  
provided by the  wing. 

Pb/2V 
6 

- expresses  the  overall   roll ing  effectiveness and i s  equal t o  C 2 8 -  
c2p. 

2P 

Now Tor the aileron  control, t h e  s i tua t ion  is reversed. Going from 
tine st iff  wi-ng t o  tne  flexible  ving  ceuses E. large redxct ion  in   rol l ing 
effectiveness which leads  to   control   reversal  at some  Mach numbers for  

gep-erzlly  represeptative  of  current  design  practice, it appears, on the  
r this garticular  case.  Since  the  flexible  whgs used in   t hese  tests a re  
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basis of these data, t ha t  a t a i l  control might well be superior   in  some 
cases t o  a i leron  control  et supersonic  speeds. . 

Effect of Angle af  Attack 

Rolling moments.- The r e su l t s  of f igures 1 and 2 are   only  for  Oo 
angle of attack.  Figure 3 shovs the var ia t ion of Cz8 with  angle of 
a t t ack   fo r   fou r  Macn numbers for three of the  configureAions of f igure 1. 
For comparison, there   a re   a l so  shown typical   a i leron  control  data f o r  
each Mach number. For the  subsonic Mach numbers, the  var ia t ion of Cz8 
with angle of a t tack  i s  not  very  great for the  t a i l  control. For t'ne 
a i leron  control ,  however, the effectiveness drops off  rapidly w i t h  
increasing  angle of a t tack  so  that a t  the  high  angles of a t tack   the  
values of Cz6 are about the  sme as those for the t a i l  control. For 
the  case of a Mech  number of 1.00, both  the  controls  maintain most of 
their  effectiveness up to   the  highest   angles  of attack  covered  in  the 
tes t s .   For  a Mach  number of 1.61, the   resu l t s   a re   qu i te   d i f fe ren t  from 
the  subsonic  cases. The two controls have =bout the same effectiveness 
at the lower  angles  of  attack,  but a t  the  higher  angles of a t tack  the 
aileron  effectiveness  increases  while  the  tai l-control  effectiveness 
decreases. It should  be  pointed  out that  these results were obtained 
on wind-tunnel models with  essent ia l ly   r igid wings. 

Yawing  moments. - The yawing-moment data fo r   t he  same cases  are 
Cng 
c b  

presented  in   f igure 4 i n   t h e  form of the parameter -, the  r a t i o  of 

t h e  yawing moment t o   t h e   r o l l i n g  mment  produced by control  deflection. 
The ai leron data show f o r  a l l  Mach numbers e i ther   zero mment or 6. small 
positive  or  favorable yawing moment at Oo angle of a t tack  and an  increas- 
ingly large negative or adverse yawing moment w i t h  increasing  angle of 
attack. For the  t a i l  control, at Mach nmbers up t o  1.00, there are 
extremely large favorable yawing moments which decrease wi th  increasing 
angle of attack  but remain positive  over  the  angle-of-attack range tested.  
These large yawing maments, which p i l o t s  would probably  consider  objec- 
t ionable,  are  caused  by  loads on the   ve r t i ca l  t a i l  induced by the differ- 
ent ia l ly   def lected  horizontal- ta i l   surfaces .  For the supersonic  case, 
the t a i l  r o l l   c o n t r o l  produces  smaller,  favorable yawing moments at low 
angles of a t teck and adverse yawing moments at high angles of a t tack.  
The carryover oI".load from t h e  horizontal t a i l  t o   t h e   v e r t i c a l  t a i l  is 
apparently much l e s s   i n   t h i s  c8se  than at the  subsonic  speeds. 

All these data were obtained  with  confignations  having low hori- 
zontal  tails. The next  figure shows t'nat the ver t ica l   pos i t ion  of the  
horizontal  t a i l  has a pronounced ef fec t  on these yawing moments. 
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Effect  of  Teil  Position  on  Yaving  Moments 

5 

Tie results  of  figure 5 were  obtained  a;t low speed  with a model 
having low, intermediate,  and  high  horizontal-tail  positions.  For  the 

low  position,  the  large  positive values of - are  similar  to  those 
shown  in  figure 4 for the  subsonic  speeds.  For  the high position,  very 
large  negative  or  edverse  yawing  Eoments  vere  obtained;  whereas  for  the 
intermediate  position,  the  moments  were  relatively small. The explanation 
for  these  results  is  that  the load induced  on  the  vertical  teil  by  the 
horizontal  tail  varies  both in nagnitude and direction  with  tall  position. 
It appears  from  these  data that the  designer  might  be  able to adjust the 
yawing  moxents  produced by a tall  roll  control  to a satisfactory  value 
by  proger  positioning of the  horizontal  tail,  assmntng, of cowse, that 
other  considerztions,  such  as  the  pitch-up  problem, pemit this to be 
done. In this  connection,  it  night  be  pointed  out  that If a ventral  fin 
is  used  on  the  airpiane  for  high-speed  stability,  the  yawing mnents I"or 
a low  tail  position  would be smaller - more  like  those Shawn in  figure 5 
fo r  tile  intermediate  position.  If  the  yawing  moments  canrlot  be  adjusted 
to EL satisfactory  value  by  posFtioning  the  tail, it might be necessary to 
aajust  them by lirking  the  rudder  in  with  the  tail r o l l  control. 

CEE 

C b  

Interaction or" R o l l  and  Pitch  Control 

a Figure 6 provides  some  information on one of' the  problems  that 
usually COES to  mind  when a tail  control is considered,  that is, the 
probleE of interaction  of roll and  pitch  control.  First,  consider  the 
effect of roll control  on  pitching mzents shown in  the  left  plot.  Tie 
pitching  moments  are  shown for 00 and -1-5O stabilizer  settings  (the  solid 
lines);  for  these sane stabllizer  settings, +15O roll  control  is  super- 
imposed on the  pitch  control  (<ne  dashed  lines).  The  significant  result 
herein  is  that  for  the  angles  of  attack  at  which the model  is  trimmed 
longitudinally  there  is  essentially no effect of the roll control  on  the 
pitch  control. In the  right p lo t  the variation of roll  control Cz8 
with  angle of atteck is shown for  two  different  settings of the  stebilizer, 
0 and -15O. At low angles of  attzck,  the  effectiveness  vith -l5O incidence 
is  much  less  than thet for Oo because  one of' the  surfaces  is  stalled;  but 
at  high  angles of attack,  where  this  negative  incidence  is  req-&red for 
longitudinal  trim,  the  roll  control  is  better  with  the -Yjo incidence, 
apparently  because  this  incidence  tends  to  keep  the  tail  unstalled  at  the 
hi&- eagles of attzck. 

The  results  shown  in  figure 6 illustrate the conditions  which  tend 
to  nake  the  control  interaction  prablem  less  serious in some cases  than 
might  be  expected  at  first  glance  but  they shoilld not  lead  to  the  con- 
clusion  that  there will be  no  interaction  problems  in  other  ceses.  For 
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other  configurations or other flight conditions  in  xhich  large tail loads 
are required  for  longitudinal t r i m ,  a serious problem might exist .  For 
example, this same model i n  the  landing  condition has a control  inter-  0 

action problem tha t  is shown i n  the r-ext figure. 

-! 

EYfect of Flaps 

The e f f ec t  of fleps on the ta i l  r o l l  control is shown i n  figure 7. 
~ 

Values of C z8  and - cng are plot-ced against lifr; coeff ic ient   for  two 
c2, 

configurations. The data on the left  side of the figure, which are for 
the model shown il? figure 6, show that there is less control  effectiveness 
for the  landing  configmation a t  a l l  lift coefficients.  Apparently,  the 
change i n  ta i l  angle of a t tack produced by f l a p  deflection and by the 70 
wing incidence used fo r  lamding  keeps one of the t a i l  sur faces   s ta l led   a t  
all times when the  s tabi l izer  t r i m  of -15' and the roll-control  deflec- 
t ion of &L5O are  applied si;rrultaneoasly. 

% 

For the configuration on tine right sifie of f i gwe  7 fo r  which the 
wing incidence w a s  kept a t  Oo and only -6O stabilizer deflection vas 
required  for t r i m ,  deflection of the f laps  ac tua l ly   l ed   to  better control 
than w i t h  flaps retracted a t  Vie higher l i f t  coefficients. 

D 

For both models, the  values of the yawing-monent parmeter - 
CZF; 

f o r  the  clean  configuration were increased by flap  deflection  mainli  
because of' the redxction i n  Cz8. iiesults shown in  f igure 5 indicate 
that  these yzwing  mo3ents wodd be qui te   different  f o r  en intermediate 
or htgh horizontal-tail  position. 

Comparison of Yeasued and Estimated Cz8 

Fi,o;ure 8 shows a comgarison of measured and estinated values of 
f o r  most of  the  cases  sham  in  f igire 1 for the clean  condition a t  

Oo angle of attack. Iz e s t i m t i n g  Cz8, values of CDit (the pitching 
Zoment due to  stabilizer  incidence)  obtained frox force-test  data f o r  the 
gar t icular  =ode1 were x e d  as &horn i n  the formula. a t  the top of f i g w e  8. 
'The factor of 2 i n  the  fomula is required  to  account for the   fact   that  
it i n  Gait refers   to   def lect ion of both  surfaces, whereas E i n  C z 8  
refers  t o  deflection of o m  surface. Tce t e n  (x) the   ra t io  of the 

l a t e r a l  t o  tke IongTtudinal  distance frm the  center of gravity t o  the 
calcula-led  center of presstire of the t a i l ,  and tke term (E) convert 

the pitching-rmment parmeter in to  a rolling-noniect  parameter. . 

c 2 8  

: 2 tail' 

- 
wing 
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For the  two  sets  of  supersonic  test  data  in  figure 8 (solid  symbols 
connected by dashed  lines)  the  agreerent is fairly go&, but  For  all  the 
subsonic  data  the  measured  values of Cz8 are only about 0.7 to 0.8 
times  as  large its the  estiolzted v~lues. Two factors  are  epparently 
resgonsible  for tinis difference  betveen  the  measured  and  estimated  values 
of C for  the  subsonic  ceses.  First,  the  load on the  vertLcal  tail 

which  produces a large  favorable  yswing  moEent  for  the  low-tail  configu- 
ratiocs or" figures 1 and 4 also  produces  an  adverse  rolling  moment  whfch 
is  not  accounted  for  in  the  foraule of figure 8. Second,  with  tine  differ- 
entially  deflected  horizontal-teil  surfaces  there is a sGreading  of  the 
lozd  from  one  surface to t h s  other  across  the  botton  of  the  fuselage 
which  causes  an  inboard  shift or" the  lateral  center  of  pressure  (decreased 
value of y) . One rea6011  that the factor  of 0.7 or 0.8 does  not  seem  to 
apply  to  the  supersonic  cases  is ?robably that  there  is  much  less  carry- 
over of the  load  from  one  surface  to  another  at  supersonic  speeds, e6 
pointed  out  previously in cormection  uith  figure 4. 

26 

For a hFgh  horizontel-tail  position,  the  load  induced on the 
? vertical  tail  produces  an  adverse  yawing  momert  (fig. 5) and a favorable 

rolling  moment.  The  rolling  effectiveness  at  subsonic  speeds  with a high 
tail  gosition  should  therefore  be  slightly  greater  than  that  wikh a low - tail  position. 

In smmry, the  results  presented  in  this  reFort for the  tail  roll 
control  eppear  to be fairly  promising  even though most of the  data  were 
obtained  with  configurations  that  were  not  especially  designed  for  the 
use  of  such a control.  The  results  Fndicate  that a tail  roll  control 
might be  satisfactory  if (1) the  tail is made  relatively  large  to prwide 
adequate  effectiveness  without  excessive  deflections, (2) the airplace 
is  designed so that  the  longitudinal  trim  requirements  for  the  teil  are 
ninimized so as  to  avoid  interaction  of  roll  and  pltch  controls,  end 
(3)  the  horizontal  tail  is  positioned  vertically  to  &void  excessive 
I"avors?'Dle  or  adverse  yawing momel?ts. In mally cases it might not  prove 
feasible to use  the horizontd  &ail  as  the  grimary  roll  control,  but in 
these  cases  the  tail  control w f l l  still  warrant  consideration as sn 
auxiliary  control  to  supplement  the  effectiveness  of  ailerons  that  are 
unsatisfactory  in  soEe flight conditions. 

Langley  Aeronautical  Laboratory, 
Na-Lional Advisory  Committee for Aeronauzics, 

Langley Field, Vz., November 2, 1955. 
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HORIZONTAL TAIL FOR ROLL CONTROL 
CLEAN CONDITION , a=Oo 
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Figwe 1 

EFFECT OF AEROELASTICITY ON ROLL  CONTROL 
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Figure 2 
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EFFECT OF ANGLE OF ATTACK ON ROLL  CONTROL 
HORIZONTAL  TAIL 
AILERONS "" 
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Figure 3 

YAWING MOMENTS PRODUCED BY ROLL CONTROL 
HORIZONTAL TAIL 
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Figure 4 
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EFFECT OF  TAIL POSlTlON ON YAWING MOMENTS 

L O W  -SPEED DATA;  CLEAN  CONDITION; i t  'Oo 
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Figure 5 

INTERACTION OF ROLL AND PITCH CONTROL 
CLEAN CONDITION; LOW-SPEED D A T A  
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Figure 6 




